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ABSTRACT 

The X-ray data around the North Echptic Pole (NEP) of the ROSAT AU Sky Survey have been used 
to construct a contiguous area survey consisting of a sample of 445 individual X-ray sources above a 
flux of ^ 2x10"^'' erg cm ~^ s~^ in the 0.5—2.0 keV energy band. The NEP survey is centered at 
0^2000 — 18''00™, (52000 — +66°33' and covers a region of 80.7 deg^ at a moderate Galactic latitude 
oi b = 29.8°. Hence, the NEP survey is as deep and covers a comparable solid angle to the ROSAT 
serendipitous surveys, but is also contiguous. We have identified 99.6% of the sources and determined 
redshifts for the extragalactic objects. In this paper we present the optical identifications of the NEP 
catalog of X-ray sources including basic X-ray data and properties of the sources. We also describe with 
some detail the optical identification procedure. The classification of the optical counterparts to the 
NEP sources is very similar to that of previous surveys, in particular the Einstein Extended Medium 
Sensitivity Survey (EMSS). The main constituents of the catalog are active galactic nuclei (^^49%), either 
type 1 or type 2 according to the broadness of their permitted emission lines. Stellar counterparts are 
the second most common identification class (^^34%). Clusters and groups of galaxies comprise 14%, 
and BL Lacertae objects 2%. One non-AGN galaxy, and one planetary nebula have also been found. 
The NEP catalog of X-ray sources is a homogeneous sample of astronomical objects featuring complete 
optical identification. 

Subject headings: surveys; catalogs; X-rays: general: galaxies: clusters: AGN: BL Lac objects: stars 



1. INTRODUCTION 

Since their appearance in the 1970s, X-ray surveys 
played the major role in our understanding of the X-ray 
universe. The goals of these surveys are to provide a de- 
tailed accounting of the classes of discrete sources which 
make up the X-ray sky, and also to define large, complete 
samples of X-ray selected objects for statistical and in- 
dividual studies. Statistical analyses of fiux-limited and 
optically identified samples of astronomical objects sup- 
ply important information on quantities such as source 
counts, luminosity functions, cosmological evolution and 
X-ray background contributions of the different popula- 
tions. Clusters of galaxies are a class of X-ray sources in 



which we are particularly interested as they are important 
probes for the evolution of cosmic structure and for the test 
of cosmological models (Gioia et al. 2001). The advantage 
to construct cluster samples for cosmological studies from 
X-ray surveys is the more direct relation between lumi- 
nosity and mass. The derived X-ray luminosity function is 
closely related to the mass function of the clusters which 
is used as an important calibrator of the amplitude of the 
density fluctuation power spectrum. The flrst X-ray imag- 
ing instruments onboard the Einstein Observatory allowed 
the construction of the EMSS catalogs of active galactic 
nuclei (AGN), galaxy clusters, BL Lac objects and stars 
(Gioia et al. 1990a; Stocke et al. 1991; Maccacaro et al. 
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1994) and the discovery of the negative evolution of the 
space density of X-ray clusters (Gioia et al. 1990b; Henry 
et al. 1992). Given the diverse nature of the X-ray emis- 
sion from the various X-ray counterparts (e.g. diffuse hot 
cluster gas, non-thermal AGN emission, stellar coronae) 
a variety of complementary observations were required to 
correctly identiiy the optical objects associated with the 
EMSS X-ray sources. The EMSS was constructed using 
those objects found serendipitously in each field after ex- 
cluding the central region of the field including the target 
itself. 

ROSAT (Triimper 1983) was the first X-ray imaging 

experiment to survey the entire sky. After its launch 
a greatly increased sensitivity and source location accu- 
racy over all previous X-ray sky surveys were available. 
Many X-ray surveys were compiled either from the ROSAT 
All-Sky-Survey data {RASS; Voges et al. 1999) or from 
pointed data (i.e. EMSS-likc surveys but mostly to search 
for clusters of galaxies). In general, the surveys extracted 
from the RASS , the contiguous area surveys, cover a very 
large solid angle (~ 10,000 deg^ or more) but are shallower 
than the pointed data surveys. Given the large solid an- 
gle sampled and the sizes of the superstructures (several 
hundreds of Mpc), the contiguous area surveys, and in par- 
ticular the all sky surveys, are good tracers of large-scale 
structure. They allow investigations of the clustering prop- 
erties of clusters and of the power spectrum of their distri- 
bution. The c;ontiguous area surveys typically sample the 
nearby universe {z < 0.3) and are used as an excellent lo- 
cal reference for cluster studies at higher redshift. Among 
the contiguous area surveys we mention the BCS (Ebeling 
et al. 1998), and its extension eBCS (EbcUng et al. 2000), 
RASSl-BS (De Grandi et al. 1999), NORAS (B6hringer et 
al. 2000), MACS (Ebeling, Edge & Henry 2001), REFLEX 
(Bohringer et al. 2001) and the NEP survey (Mullis 2001; 
Henry et al. 2001; Voges ct al. 2001). 

The great advantage of the serendipitous surveys, those 
extracted from the pointed data, is their much higher sen- 
sitivity, about two orders of magnitude deeper than the 
contiguous area surveys (~ 10"-^^ vs ~ 10~^^ erg cm~^ 
s""'^ in the ROSAT band), even though their solid angle 
is less than ~200 deg^. The serendipitous surveys are not 
restricted to the local universe, but probe z > 4 for quasars 
and z > 1 for clusters of galaxies. As with the contiguous 
area surveys, many sources are common to the serendipi- 
tous surveys since all use the same pointed ROSAT data 
(see Table 5 in Mullis et al. 2003, for common cluster 
sources in all the present X-ray surveys). Among the 
serendipitous X-ray surveys for clusters of galaxies we 
mention the RDCS'(Rosati'ct al. 1995, 1998), RIXOS (Ca- 
stander et al. 1995; Mason et al. 2000), Southern SHARC 
(Burke et al. 1997; Collins et al. 1997) and Bright SHARC 
(Romer et al. 2000), 160 deg^ (Vikhlinin et al. 1998; Mullis 
ct al. 2003), WARPS (Perlman et al. 2002, and references 
therein), BMW (Campana et al. 1999; Lazzati et al. 2001) 
and ROXS (Donahue et al. 2002). 

We have used data around the North Ecliptic Pole of 
the RASS to construct a contiguous area survey con- 
sisting of a homogeneous sample of 445 X-ray sources. 
The region around the NEP possesses the deepest ex- 
posure and consequently the greatest sensitivity of the 

^ A link to his thesis can be found at http://www.ifa.hawaii.edu/'^n 



entire RASS. Hence, the 9°x 9° survey region centered 
at a2ooo = 18''00'", i52ooo = +66°33' covers the deep- 
est, wide-angle contiguous region ever observed in X-rays. 
This unique combination of depth plus wide, contiguous 
solid angle provides the capabilities of detecting both high- 
redshift objects and large scale structure, which were the 
aims of our involvement in the survey. 

A comprehensive description of the ROSAT NEP Sur- 
vey and the principal results are presented in Mullis 
(2001).'' An overview of the NEP survey, including the 
selection function, the optical identification program and 
number-count distributions for the various classes of ob- 
jects, has been published in Henry et al. (2001). Voges et 
al. (2001) gives a summary of the X-ray data and the sta- 
tistical properties of the NEP sources. Gioia et al. (2001) 
present evidence for cluster X-ray luminosity evolution and 
Mullis et al. (2001) describe the details on the NEP su- 
percluster found in the survey X-ray data. In this paper 
we discuss in more detail the optical identification pro- 
gram, the methodology used to identify the sources, and 
we present the optical catalog with a description of the 
optical properties of the sources. For convenience, we give 
the basic X-ray properties of the sources, but a more de- 
tailed description of the X-ray data, the detection algo- 
rithm and the statistical properties of the NEP sources 
will appear in a subsequent paper. For consistency with 
previous work, we assume throughout the paper a Hubb- 
blc constant of Hq = 50 /i5o km s^^ Mpc^"'^, a matter 
density parameter Qmo = 1) and a cosmological constant 
of Oao = 0. 

2. THE X-RAY DATA 

The NEP region was observed many times by the 
ROSAT satellite since the RASS scan pattern overlapped 
at the ecliptic poles. While the mean RASS exposure time 
across the entire sky is approximately 400 s, the NEP re- 
gion exposure time approaches 40 ks at the pole. The 
minimum, median and maximum exposure times in the 
NEP survey regions are 1.7, 4.8, and 38 ks, respectively. 
The 80.7 deg^ NEP region is a good area to pursue unbi- 
ased surveys of the extragalactic sky since it is at a mod- 
erate Galactic latitude of 6 = 29.8°(Z = 96.4°) and has a 
mean neutral column density of < uh > ~ 4.3 x 10^" cm~^ 
(Elvis, Lockmann & Fassnacht 1994). The other pole of 
the ecliptic where the exposure is piling up, the South 
Ecliptic Pole region, or SEP, has much less exposure since 
the PSPC was automatically shut off due to the enhanced 
charged particle density of the South Atlantic Anomalies 
which could damage the detector. Furthermore the SEP is 
in the vicinity of the Large Magellanic Clouds, a crowded 
stellar region which is not amenable for extragalactic work. 
All these considerations make the NEP survey unique. 

The data used in our work were extracted from the 
second processing of the ROSAT data (RASS-II) which 
has improved attitude quality, improved spline-fitted back- 
ground map and fully merged photon data (Voges et al. 
1999). The detection algorithm of the RASS is based on 
a multi-scale, sliding detect aperture (Voges et al. 1999). 
Candidate sources identified by this procedure, operating 
at a low acceptance threshold, were passed to a maximum- 
likelihood (ML) algorithm for more accurate determina- 
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tions of source existence likelihood and other interesting 
parameters (Voges et al. 2001; MuUis 2001). 

To be part of the NEP survey an X-ray source must be in 
the right ascension range 17''15"' < a2ooo < 18''45"*, and 
in the declination range 62° < 62000 < 71°; its maximum 
likelihood of existence must be L >10 where L = — In 
P, and P is the probability that the source count rate is 
zero; its signal-to-noise ratio for source count rate must be 
greater than 4(t. The detection energy band used is the 
ROSAT broad band 0.1-2.4 kcV. There are 445 unique 
sources within the survey region fulfilling these require- 
ments. Twenty-one multi-detections of individual, often 
extended, sources were removed in constructing the final 
sample. Approximately 2 of the 445 sources are expected 
to be spurious considering the survey solid angle and tele- 
scope beam size appropriate for the RASS (half power 
diameter = 3.1', Boese 2000). Of the 515 additional X-ray 
sources with a likelihood of existence L <10 in the NEP 
region, only 3 have a signal-to-noise ratio of > 4(7. Hence, 
the principal selection criterion for the NEP survey is the 
4f7 threshold in count rate significance. 

The observed count rate for each source is extracted 
from a 5' radius circular aperture (except for one source, 
RXJ1834.1-h7057, where 

^extract — 6.5'). Different model 
spectra, according to the source nature, have been adopted 
to convert from count rates to detect flux. An additional 
correction is applied to the detect flux of extragalactic X- 
ray sourc;cs to account for the effect of Galactic absorption 
along the line of sight. Unabsorbed fluxes were derived us- 
ing neutral hydrogen (hh) column density data obtained 
from the 21 cm observations of Elvis, Lockmann & Fass- 
nacht (1994), supplemented by Stark, Gammie & Wilson 
(1992), at the location of the X-ray source. The minimum, 
median, and maximum neutral hh for the NEP sources are 
(2.4, 4.2, 8.2)xl02° cm'^, respectively 

For AGN we have used a power-law spectrum with an 
energy index of —1, resulting in a median conversion fac- 
tor from count rate (0.1-2.4 keV) to flux (0.5-2.0 keV) 
of 1.20 X 10~^^, with a ±12% variation over the full range 
of column densities sampled by the NEP AGN. For galaxy 
clusters a Raymond-Smith plasma spectrum was adopted, 
with a metallicity of 0.3 solar plus a plasma temperature, 
and a measured redshift particular to each cluster. The gas 
temperature of the intracluster medium is estimated using 
the Lx - kT relation of White, Jones & Forman (1997), 
, where i^^^oZ 44 bolometric 
An iterative 

process begins by assuming a temperature of 5 keV. To- 
tal flux is converted to a K-corrected luminosity^ in the 
0.5 — 2.0 keV band, which is converted to a bolometric 
luminosity. This preliminary Lx,bolM used to predict 
the cluster temperature from the Lx — kT relation above. 
The procedure is repeated until the estimated temperature 
converges. For clusters of galaxies the flux conversion fac- 
tor has a median of 1.07 x 10~^^ and varies by ±16% over 
the full range of column densities and redshifts sampled 
by the NEP clusters. For stars a Raymond-Smith plasma 



fcT=2.76keV L^f^,^^ 



X-ray luminosity in units of 10^^ erg s ^ 



spectrum with a temperature of lO^K, a solar metallic- 
ity abundance, and no Galactic absorption were assumed, 
resulting in a conversion factor of5.95xl0~^^. 

To correct for flux outside the detect cell a size correc- 
tion for point sources has been applied by calciflating the 
integral of the RASS point-spread function, or PSF (Boese 
2000), at 1 keV within the circular detect aperture of 5' 
radius. The correction applied is 1.0369 which corresponds 
to the reciprocal of the integral of the PSF within the cir- 
cle. For extended sources like galaxy clusters wc adopted 
the /3-model (Cavaliere & Fusco-Femiano 1976) surface 
brightness distribution /(r) = Io[l + (r/rc)^]"(^^"°'^\ 
with a core radius, rc, equal to 0.25 Mpc with /3 = 2/3. 
The [3 model surface brightness is convolved with the 
RASS PSF and integrated out to infinity''. Then this inte- 
gral is divided by the integral within the 5' circle aperture 
to obtain the size correction. The median size correction 
for clusters is 1.33. At the median redshift of the NEP 
cluster sample {z =0.2) the size correction varies by only 
±5% for core radii between 0.2 and 0.3 Mpc. 

K-corrcctcd luminosities are compiited for the extra- 
galactic objects in the NEP survey using the redshift par- 
ticular to each source. For clusters of galaxies the K- 
corrections were computed assuming again a Raymond- 
Smith plasma spectrum with a metallicity of 0.3 solar. 
The median K-correction for the NEP clusters is 0.95. For 
AGN the adopted power-law spectrum with energy index 
— 1 results in a K-correction equal to 1. Unabsorbed de- 
tect fiuxes (fdet) and total fiuxes (f(o() in the ROSAT rest 
frame are reported in Table 3 (see §5), together with K- 
corrected luminosities in the source rest frame (all in the 
ROSAT hard band 0.5-2.0 keV). 

The selection function for the NEP sources is described 
in detail by Mulfis (2001) and Henry et al. (2001), includ- 
ing the ROSAT NEP sky coverages for AGN, clusters and 
stars. 

3. OPTICAL IDENTIFICATION PROCEDURE 

A comprehensive program of optical follow-up observa- 
tions to determine the nature of each of the X-ray sources 
in the NEP sample led to the identification of all but two 
NEP sources. There is evidence that at least one of the 
two unidentified sources is a blend and that both may be 
statistical fiuctuations. Note, two spurious sources are ex- 
pected in a sample of 445 objects (see §2). The NEP is 
observable from mid-May until mid-August from Hawai'i. 
The optical identification program began in the summer of 
1991, just a few months after the RASS was finished, and 
ended in the summer of 2000. We made most of the op- 
tical observations from Mauna Kea where 126 nights were 
assigned of which 100 were clear. We spent 101 nights at 
the University of Hawai'i (UH) 2.2m telescope, 17 nights 
at the Canada-France-Hawai'i (CFH) 3.6m telescope and 8 
nights at the Keck 10m telescope. Additional observations 
were made at Mt Hopkins where 5 nights at the Multiple 
Mirror Telescope (MMT) were assigned, of which 2 were 



clear and a clear night of 1.5m telescope was also used. 
* Luminosities in the ROSAT rest-frame are transformed in luminosities into the object's rest frame using the K-correction, in the 0.5 — 2.0 keV 



band, defined as fco.s- 



2.0(1 + 2) 
0.5(l + z) 



fEdE 



where fs is the differential flux (flux per unit energy) as a function of energy and the integration 



limits are energy band edges in keV. 
^ The difference between integrating out to infinity and to 12 core radii is about 8% 
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In total we used 132 nights of which 103 were clear (see 
Table 1). 

The procedure used to identify an X-ray source is essen- 
tially that described in Stocke et al. (1991) for the EMSS 

survey. The process with the NEP survey is consider- 
ably easier since the positional uncertainty of the RASS 
is 15.7", about 15 times smaller in area than the Einstein 
IPC (15.7" vs. ~ 60"). The EMSS had between 1 and 8 
objects in its error circle visible on the POSS plates and 
often had to use an X-ray to optical flux criterion to dis- 
criminate between more than one plausible counterpart in 
their large error circle. Whereas, for 93% of NEP sources 
there are < 2 objects in the error circle visible in the DSS 
and it is very rare to have more than one plausible iden- 
tification fall within the error circle. The 15.7" positional 
accuracy of the NEP survey has been computed by using 
the offset from the X-ray position within which 90% of the 
point sources (AGN and stars) fall. Fig. 1 shows an his- 
togram of the angular offsets between the X-ray sources 
and their optical counterparts with the 15.7" offset indi- 
cated by the vertical dotted line. The basic procedure is 
to spectroscopically examine objects in close proximity on 
the sky to the X-ray source until a likely optical counter- 
part is located. The search begins with the object closest 
to the X-ray source position or with a blue stellar object 
if such a source is present in the positional error circle. 

We started by inspecting finding charts of the 445 
NEP sources prepared from the Automated Plate Ma- 
chine (APM) object catalog (Hook et al. 1996). The APM 
scanned both colors of the Palomar Observatory Sky Sur- 
vey photographic plates (POSS-I, Wilson 1952; California, 
Institute of Technology 1954) providing a matched object 
catalog down to m = 21.5 in blue (O, 3200A-4900A) and 
m = 20 in red (E, 6200A 68OOA). These passbands re- 
semble the Johnson B and Kron-Cousins R except for the 
narrowness of the E passband. Magnitudes have an inter- 
nal accuracy of 0.1 magnitude for objects brighter than 
1 magnitude above the plate limit, and a typical exter- 
nal accuracy of 0.5 magnitudes. The APM also classifies 
objects as either stellar, non-stellar, or a blend of multi- 
ple sources. Overlays of optical and X-ray images of the 
NEP sources were also prepared using the second Palomar 
Observatory Sky Survey (POSS-II) and the RASS data in 
order to check the APM classifications, resolve the blends, 
and extend the magnitude limit. Digitized Sky Survey 
(DSS) images of the POSS-II red plates were obtained us- 
ing the STScI WWW interface ^. The full catalog of the 
finding charts and the overlaid X-ray contours will appear 
in a forthcoming paper (see also Appendix C in MuUis 
2001). Through the inspection of the optical plus X-ray 
contour finders, and aided by the APM object catalog and 
by cross-correlations with SIMBAD and NED databases^, 
small percentages of X-ray soiirces were immediately iden- 
tifiable with previously known X-ray emitters (5%) and 
very bright stars (~11%). The bright star identifications 
were only made where evidence for alternate counterpart 
was absent. During the inspection of the finders a prelimi- 
nary target list was compiled for spectroscopic follow-up of 
the objects within the 90% confidence error circle of 15.7" . 

http://archive.stsci.edu/dss 
^ http://simbad.harvard.edu and http://nedvmiw.ipac.caltech.edu 
* We have approximated the B magnitudes using the O magnitudes 



Ten percent of the sources had visible sources, 55% had 
1, 28% had 2, 5% had 3 and 2% had 4 or more visible 
sources within the error circle. Extremely blue stellar ob- 
jects {O — E < 1.3) were given priority as these sources are 
almost always AGN. Fields with an overdensity of galaxies 
were flagged as potential cluster candidates as were fields 
that contain a few galaxies at the limits of the DSS finders. 

The surface density of plausible X-ray counterparts and 
the positional uncertainties of the X-ray data are suffi- 
ciently low that only one plausible counterpart is likely to 
fall in the positional error circle. Hence, confusion levels 
are negligible in the NEP survey and can be quantified. We 
have computed the number of objects that may be found in 
the error circle by chance. Using the AGN optical surface 
densities from Boyle, Shanks & Peterson (1988), a con- 
tamination rate of false-positive less than 1% at B<20.7^ 
is obtained, only one "random" AGN is expected out of 
190 AGN observed at 5<20.7. Using the Galactic model 
of Wainscoat et al. (1992) to estimate the number of plau- 
sible stellar counterparts randomly present in the survey, 
we proceeded as follows. Given the high certainty of the 
AGN identifications, we removed those sources leaving 228 
NEP error circles which subtend 0.0136 deg^ of the sky. 
At i? < 17.2, 137 F-M stars are observed where 12 coin- 
cidences with F-M are expected. Thus the false-positive 
rate for B < 17.2 is 9% (or 12/137). 

Though detailed spectral classifications for the NEP 
stellar identifications was not attempted in all cases, it 
is possible to reliably confirm M dwarfs due to the distinc- 
tive TiO absorption bands in their spectra. Approximately 
16% of the NEP X-ray sources identified with stars are M 
dwarfs, of which 20 with B < 18.6. Using the solid angle of 
all non-AGN NEP sources (0.0136 deg^) and considering 
the source density of M stars down to B < 18.6, only one 
M star would fall into the error circle by random chance. 
Consequently the false-positive rate for M dwarfs down to 
B < 18.6 is 5% (1/20) while the rate for the remaining F- 
K dwarfs is 6% down to i? < 16.3 (7 coincidences expected 
against 114 observed). Hence, the random probability of a 
late-type dwarf falling in the NEP positional error circles 
is quite low, though not as low as for AGN. 

We refer the reader to MuUis (2001, see his Chapter 4) 
for additional details on the optical identification proce- 
dure. 

3.1. Optical Imaging Observations 

A program of optical imaging was undertaken to ob- 
serve those fields around the NEP sources which exhibited 
no objects in the X-ray error circle of the APM or DSS 
data. The distant cluster candidates were also observed. 
Images in two colors, B and I (Kron-Cousins) bands, were 
obtained at the UH2.2m to discriminate between AGN 
(usually blue) and the cores of galaxy clusters, predomi- 
nantly populated by red, early-type galaxies. We used the 
TEK 20482 CCD at the f/10 focus of the UH2.2m tele- 
scope which gives a scale of 0.22" pix^^ and a field of view 
(FOV) of approximately 7.5 x 7.5 arcmin^. The exposmcs 
were typically 10 minutes in both bands resulting in limit- 
ing magnitudes of ~ 23 in B and ~ 22 in I. Additional 30 
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min exposures were obtained for sources that were eventu- 
ally identified as distant clusters. Photometric calibration 
of the imaging data used the M92 standards (Christian et 
al. 1985; Heasley & Christian 1986). 

3.2. Spectroscopic Observations 

In parallel to imaging we acquired low-resolution spec- 
tra of objects starting with the one closest to the X-ray 
source position and then going out to larger offsets until 
the first plausible counterpart was found. Alternatively, if 
a blue stellar object was present in the positional error cir- 
cle, the search began with that object and then proceeded 
to other objects if necessary. In either case, if there was 
evidence of an overdensity of faint objects close to the X- 
ray source in the imaging data, additional spectra were 
obtained to test for the presence of a galaxy cluster. Par- 
ticular attention was given to assure that clusters were not 
missed due to close projections with bright stars or due to 
AGN in the cluster environment. Most of the spectroscopy 
at the beginning was done using the UH 2.2m Wide-Field 
Grism Spectrograph (WFGS), but we also used the Multi- 
Object-Spectrograph (MOS) on the CFHT 3.6m, and the 
Low-Resolution Imaging Spectrograph (LRIS, Oke et al. 
1995) on Keck. 

At the UH 2.2m telescope we used the 420 1 mm~^ red 
grism and a 200/im slit (1.8 arcscc"^) which provided at 
the f/10 focus a pixel scale in spectroscopic mode of 3.6 
A pix~^, a spectral resolution of ~ 19 A FWHM, and a 
wavelength coverage of approximately 3800A-9000A. In 
imaging mode the FOV is 4.75 x 4.75 arcmin^ and the im- 
age scale is 0.35" pix^^. Observations at the MMT were 
made with the MMT spectrograph using a 280/xm slit (1 
arcsec"^) with the 300 1 mm~^ grating which provides a 
dispersion of 1.96 A pix"-'^ and a spectral resolution of ^6 
A FWHM (Foltz & Smith 1994). Observations at the 
FLWO (F. L. Whipple Observatory) 1.5 m telescope were 
made with the photon counting Reticon system (Latham 
1982) and 3" slit which also provides a resolution of -^6 
A FWHM. 

The instrument setups for other telescopes, although 
different, provided similar performance. The UH2.2m 
telescope was used to observe both stars and AGN, but 
also to acquire long-slit spectra of relatively bright cluster 
galaxies. Multi-object spectra were subsequently taken 
with CFH and Keck telescopes for the fields around X-ray 
sources which showed overdensities of faint galaxies. This 
multi-object spectroscopy approach was a departure from 
the Stocke et al. (1991) procedure and provides more confi- 
dence in any cluster identifications since many concordant 
redshifts could be obtained. In total over one thousand 
objects were observed spectroscopically. Calibration data 
were based on spectrophotometric standard stars of Oke 
& Gunn (1983) and Massey et al. (1988). 

The optical data were analyzed using standard IRAF^ 
reduction packages and IDL"'^" routines. A quick reduction 
and interpretation of long-slit spectra were normally com- 
pleted in "real-time" at the telescope in order to decide if 
further spectra were required to make a reliable identifi- 
cation of a particular X-ray source. Nonetheless, all data 
were subsequently reduced off-line using standard proce- 

^ http://iraf.noao.edu 
http://www.rsinc.com 



dures. Spectra were classified according to the presence or 
absence of various absorption and emission lines and the 
shape of the continuum emission. Once features have been 
identified, the redshift of a source was measured based on 
the offset of the features from their restframe wavelengths 
(typical redshift uncertainty dz < 0.001). Commonly ob- 
served absorption lines included: the Call H & K doublet, 
the 4000A break, the G band, Mgib, Nald, and Ha. Of- 
ten present emission lines included: Mgll, [O II] 3727, H/3, 
[OIII] 4959, [OIII] 5007 and sometimes Ha. 

4. IDENTIFICATION CONTENT 

For the classification of the optical counterparts to the 
NEP X-ray sources we have followed the pioneering work of 
Stocke et al. (1991) for the EMSS survey Table 2 presents 
a summary of the identifications of the NEP X-ray sources. 
Sixty-five per cent of the extragalactic counterparts and 
nearly half (49.4%) of all sources are AGN, whose spec- 
tra normally are characterized by the presence of emis- 
sion lines and have a blue relatively featureless continuum. 
The classification with AGN has been done on the basis of 
equivalent width of the emission lines (Wa) and broadness 
(FWHM) of the permitted emission lines. AGN showing 
a QSO like spectrum with a Wa > 5A, and broad per- 
mitted emission lines (FWHM > 2000 km s^^), have been 
classified as AGN type 1 (AGNl in Table 3). This class 
includes QSO objects and Seyfert 1 galaxies. Examples of 
this kind of spectra are shown in Fig. 2, Fig. 3 and Fig. 4. 
AGN type 2 (AGN2 in Table 3) have similar permitted and 
forbidden emission lines, both narrow and with a FWHM 
<2000 km s""'^, mostly much narrower than the limit of 
2000 km s~^. AGN2 include Seyfert 2 and star forming 
galaxies. Examples of AGN2 spectra are shown in Fig. 5 
and Fig. 6. Some of the cluster galaxies in the NEP catalog 
show spectral similarities to AGN type 2. Even in these 
cases the X-ray source is identified as a cluster. See Fig. 7 
for the spectrum of a Sy2 galaxy at z=0.3665 in a clus- 
ter at z=0.3652. There arc four spirals with lines having 
FWHM <2000 km s"\ they have been classified as AGN2 
and are indicated in Table 3. This number is however a 
lower limit since only for the nearby objects it is possible 
to make a morphological classification. The redshift distri- 
bution for the AGN in bins of Az = 0.1 is shown in Fig. 8 
(dark grey). The median and highest redshifts for AGN 
are z=0.4 and z=3.889 (RX J1746.2-h6227), respectively 

The second most common identification class is Galac- 
tic stars at 34.3%. Stellar coimterparts to X-ray sources 
at the Galactic latitude of the NEP arc usually late-type 
(F M) stars whose spectra display hydrogen, metallic, 
and molecular absorption features. One planetary neb- 
ula (NGC 6543) was also detected as an X-ray source 
(RXJ1758. 5+6637, Kreysing et al. 1992). 

Clusters and groups of galaxies comprise 14.0% of the 
sources. The identification of an X-ray source as a cluster 
of galaxies usually requires the absence of emission lines 
identifying AGN, the absence of a non-thermal contin- 
uum identifying a BL Lac object, coupled with a centrally 
concentrated galaxy overdensity either from the POSS or 
from deep optical CCD images taken for more distant clus- 
ters, and at least two concordant redshifts. Multi-object 
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spectroscopy was performed for several fields around X- 
ray sources which showed overdensities of faint galaxies. 
Many of the sources proved to be distant clusters (z>0.3). 
The optical spectrum of a galaxy in the highest-z clus- 
ter of the NEP survey (RXJ 1821.6+6827, z=0.811) is 
shown in Fig. 9. Two more spectra of galaxies in clus- 
ters (RX J1745.2-F6556 at z=0.608 and RX J1817.7-F6824 
at z=0.282) are given in Fig. 10 and Fig. 11 respectively. 
The median and highest redshift for clusters of galaxies are 
respectively 0.205 and 0.811. Their redshift distribution in 
bins of Az = 0.1 is shown in Fig. 8 (light grey). 

A featureless, blue continuum without any line emis- 
sion or significant 4000A break suggests a BL Laccrtac 
type object. The optical spectrum is characterized by 
Wa < 5 A, either for emission or absorption lines, and 
a Call H & K "break" (when present) less than 25%. The 
very weak equivalent width limit for any emission lines 
present separates the BL Lac objects from the weak-line 
AGN. The limit of 25% of the flux depression disconti- 
nuity blueward across the Call break is significantly less 
than the 50% contrast possessed by a normal elliptical 
galaxy. This limit is imposed to ensure the presence of a 
substantial non-thermal continuum and thus discriminate 
BL Lacs from normal galaxies. See extensive discussion of 
this point in §3.1.2 of Stocke et al. (1991). There are 8 
BL Lacertae objects in the NEP survey (1.8%), of which 4 
(RXJ1727.0+6926, RXJ 1742.7-^6852, RX J1759.8-h7037, 
RXJ1803. 9+6548) arc new discoveries. 

One source is identified as individual galaxy (GAL in 
Table 3). This source is associated with an individual, non- 
AGN galaxy (RX J1806.4+7028, z=0.0971). However, this 
apparently isolated galaxy has an X-ray luminosity com- 
mensurate with that of a high-luminosity galaxy group 
or low-luminosity galaxy cluster (~2 x 10''^ erg s~^, 0.5 
- 2.0 keV). As first pointed out by Mullis (2001), this 
is likely an example of an X-ray overluminous elliptical 
galaxy (OLEG, Vikhlinin et al. 1999) or a "fossil group" 
(Ponman et al. 1994), postulated to be the result of galaxy 
merging within a group. 

There are a few cases where the identification is am- 
biguous. For instance, in the field of one source, iden- 
tified with an AGNl (RX J1720.8+6210) at z=0.7313, 
there are two galaxies at the same redshift as the AGNl 
and closer to the X-ray position. In this case the pres- 
ence of a distant cluster with similar redshift is not ex- 
cluded. Other cases include sources identified with clus- 
ters (i.e. RXJ 1745. 2+6556 at z=0.608, see Fig. 10 for 
the spectrum of a member galaxy at z=0.6077) where 
an AGN at a different redshift (z=0.2904) from the 
cluster redshift, is present in the field and could con- 
tribute to the X-ray emission of the source. There are 
also two examples of X-ray sources identified as clus- 
ter plus AGN. Namely, RX J1758.9+6520 (z=0.3652) and 
RX J1806. 1+6813 (z=0.303), are two sources identified as 
clusters of galaxies even if the contribution to the X-ray 
emission of an AGNl (in each case at the same redshift 
as the cluster) is not excluded. Other cases include X- 
rays sources with two AGN present in their error circles. 
Only high resolution and high sensitivity X-ray observa- 
tions would allow us to identify the X-ray source unam- 
biguously. The number of these ambiguous identifications 
is very low (~ 1%). They are all reported in § 6 (Notes to 



Individual Sources). 

Given the higher angular resolution of the ROSAT 
PSPC (~ 25") compared to the Einstein IPC (~ 1'), 
there was no need to require a variety of optical and ra- 
dio observations in order to conclusively identify the class 
of the optical counterpart to the NEP sources with confi- 
dence. However, both space-based and ground-based sur- 
veys of the NEP region have been performed and the avail- 
able source catalogs produced by those surveys have been 
scrutinized by us. We mention here the surveys of the 
NEP region from space completed by IRAS (Hacking & 
Houck 1987), ISO (Stickel et al. 1998; Aussel et al. 2000) 
and COBE (Bennet et al. 1996). From the ground, sur- 
veys were performed in radio by KoUgaard et al. (1994); 
Brinkmann et al. (1999); Rengelink ct al. (1997); Loiseau 
et al. (1988); Elvis, Lockmann & Fassnacht (1994), and 
in optical/IR by Gaidos, Magnier & Schechter (1993) and 
Kiimmel & Wagner (2000). 

The distribution in the sky of the 445 NEP X-ray sources 
and their optical identification already appeared in the lit- 
erature and are shown in Fig. 4.12 of Mullis (2001) and in 
Fig. 3 of Henry et al. (2001). 

5. THE CATALOG 

The 445 sources that form the ROSAT NEP source cat- 
alog are presented in Table 3. The columns contain the 
following information: 

1. Source name formed by the acronym RXJ = 
ROSAT X-ray source, Julian 2000 position, and 
the X-ray centroid position. 

2. Internal source identification number which runs 
between 10 and 6570. 

3. Right Ascension of the X-ray centroid (J2000, HH 
MM SS.S). 

4. DecUnation of the X-ray centroid (J2000, +DD MM 
SS). 

5. Right Ascension of the optical object associated 
with the X-ray source (J2000, HH MM SS.S). 

6. Declination of the optical object associated with the 
X-ray source (J2000, +DD MM SS). 

7. Signal-to-Noise on the detected source count rate 
determined as net source count rate over 1-a uncer- 
tainty on the count rate. 

8. Detect unabsorbed fiux in the 0.5 2.0 keV band 
(/x.det, lO^^"* erg cm-2 s'^). The detect fiux 
is measured in the photometry circular aperture 
(5' radius). To determine the fluxes for the different 
classes of astronomical objects we have converted 
from count rate to unabsorbed flux using conver- 
sion factors based on three different types of source 
spectra (see § 2). 

9. Total unabsorbed flux in the 0.5-2.0 keV band 
(/x,tot, 10"^** erg cm~^ s~-^). The total flux ac- 
counts for the flux outside the photometry aperture 
and reflects the size correction applied to the detect 
flux. For point sources this flux corretion factor is 
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constant and equal to 1.0369 (see § 2), while it varies 
for extended sources, such as clusters or groups of 
galaxies. The flux correction factor for extended 
sources is given in Column (13). 

10. Rest frame K-corrected luminosities in the 0.5-2.0 

keV band (ix, 10^'* erg s^^) for extragalactic ob- 
jects with uncertainties based on the fractional er- 
rors on the source count rate. K-correction factors 
for clusters of galaxies, assuming a Raymond-Smith 
plasma spectrum with a mctallicity 0.3 solar, are 
0.76, 0.95 and 1.01, minimum, median and max- 
imum values respectively. For AGN the assumed 
power law spectrum with energy index = — 1 gives 
a formal K-correction factor of 1. 

11. Spectroscopically measured rcdshift for all extra- 
galactic sources. Typical uncertainty is <0.001. 

12. Optical identification of the X-ray source: AGN for 
active galaxtic nucleus, cither typo 1 (AGNl) or 
type 2 (AGN2) (see §4); STAR for star; CL for 
group or cluster of galaxies; BL for BL Lacertae ob- 
ject; GAL for normal galaxy and PN for Planetary 
Nebula. Spectral type for stars is also indicated if 
known. 

13. Comments regarding the source, such as size cor- 
rection factor (sc=sizecorr) for galaxy clusters, or 
indication of a Note (n) to the source given in § 6. 

6. NOTES TO INDIVIDUAL SOURCES 

RXJ1716.2-F6836: also called RX J1716.0-F6836 in 

Boiler ct al. (1997). The identification comes from the 
revised Burbidge catalog (Hewitt & Burbidge 1993). 

RX J171 7.7+6431: there is a star within the error cir- 
cle which is closer to the X-ray position (7.7" ) than the 
AGN2. We still believe that the AGN2 is the correct iden- 
tification, not only because it is an AGN but also because 
it appears to be in a distorted spiral in our UH2.2m B- 
band image. Distortion implies some kind of interaction 
and often these distorted galaxies are X-ray sources. 

RX J1719. 8+6457: this source is one of two sources 
in the NEP still unidentified. Optical spectra were taken 
for seven objects within 80" from the X-ray position, but 
no plausible identification was found. 

RX J1720. 8+6210: there arc two galaxies at the same 
redshift as the AGNl (z=0.7313) and closer to the X-ray 
centroid (approximate positions from DSS-2 red are for 
cfh#ll, aaooo = 17 20 46.8, (52ooo = +62 10 25; and for 
cfh#12b, ^2000 = 17 2 43.9, 62000 = +62 10 11). We stifl 
identify the source as AGNl since its spectrum shows a 
broad Mgll emission line (FWHM>4000 km s"^). How- 
ever the presence of a distant cluster at 2-^0.73 is not ex- 
cluded. 

RX J1723.1+6826: this source is identified with 

a QSO (^2000 = 17 2 3 09.9, (^2000 = +68 26 56, 
z=0. 9782+0.001) which is 4" away from the X-ray cen- 
troid. The optical spectrum shows a very broad Mgll 
emission line (FWHM>7000 km s'^). A second object 
at 0:2000 = 17 23 10.1, (^2000 — +68 26 51, just south of 
the QSO and only 3.4" away from the X-ray centroid, has 
a similar redshift (z=0.9777) as the QSO. This second ob- 
ject is fainter and has a narrower Mgll line in emission. 



Both objects could contribute to the X-ray emission even 
if we indicate the object with broader Mgll line as the 
identification in the table. 

RXJ1724.1+7000 and RX J1724.2+6956: these 
two sources were identified as a group of galaxies in Henry 
et al. (1995). The X-ray morphology is complex and elon- 
gated along the north-south direction (see Fig. la in Henry 
et al. 1995). We confirm here the identification of these 
sources with a single group of galaxies at z=0.0386. 

RX J1727.0+6926: a radio source (0.96+0.06 mJy at 
6cm) was detected with the VLA in the DnC array at the 
position of the optical counterpart by T. Rector (private 
communication) . 

RXJ1727. 8+6748: there arc several galaxies in 
the area for which no optical spectrum is available. 
The suggested identification is the AGNl at z=0.4950 
(0:2000 = 17 27 45.5, ^2000 = +67 48 43) lying 22" away 
from the X-ray centroid, with a broad (FWHM>7000 km 
s~^) Mgll emission line in its optical spectrum. 

RXJ1732. 5+7031: this object appears in the sample 
of identified northern ROSAT sources by Appenzeller et 
al. (1998) with a redshift z=0.209 vs. our z=0.2114. 

RX J1732.9+6533: the redshift for this QSO 
(z=0.8560) comes from Hewitt & Burbidge (1993). 

RXJ1736. 3+6802: this group of galaxies was pub- 
lished in Henry et al. (1995). There are twelve galaxies 
with spectroscopic redshifts. Refer to Henry et al. (1995) 
for more details and for an X-ray contour image (their Fig. 
Ic). 

RX J1736.9+6845: this X-ray source is 

MS 1737.2+6847 and its identification with SA017576 
(Jl Draconis) comes from the EMSS; see Stockc et al. 
(1991) and Maccacaro ct al. (1994). 

RX J1736.4+6828: the X-ray source is identified with 
GAT 732, a star with an E magnitude in APM of 8.98. 
The star has a high proper motion (about 1 arcmin in 50 
years). 

RXJ1739.7+6710: this source is MS 1739.8+6712, 
and is identified as AGNl. The redshift, z=0.118, comes 
from Stocke et al. (1991); an optical finding chart is pub- 
lished in Maccacaro et al. (1994). 

RXJ1741. 2+6507: there is a cluster candidate in the 
field of this source identified as AGNl at z=0.7466. We 
have concordant redshifts for two galaxies (A and B): 
^2000 = 17 41 15.5, ^2000 = +65 7 53, za =0.3797; 
02000 = 17 4 1 07.7, (52000 = +6 5 7 47, zb =0.3775. 

RX J1743.4+6341: this cluster, associated with 
A2280, has a large gravitational arc which is described 
in Gioia et al. (1995). 

RXJ1745. 2+6556: in the field of this source, identi- 
fied as a cluster of galaxies at z=0. 6080+0. 0005 (optical 
spectrum for a member galaxy is shown in Fig. 10) there 
is also an AGN (a2ooo = 17 45 17.6, ^2000 = +65 56 02, 
z=0.2904) which is ~18" away from the X-ray centroid. 
The AGN could contribute to the X-ray emission of the 
source. However, it is difficult to classify the AGN as type 
1 or type 2 since there is no H/3 emission line, and the 
Ha emission line is blended with NH. The spectrum of the 
AGN has a very red continuum. 

RXJ1746. 1+6737: the identification of this X-ray 
source comes from the EMSS. This is MS 1746.2+6738 
identified as AGNl at z=0.041 by Stocke et al. (1991). The 
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AGNl (aaooo = 17 46 08.8, (^2000 = +67 37 15) is 25" south 
of a bright SAO star (SA017632, aaooo = 17 46 08.7, 
^2000 = +67 37 43, my =7.79) which could also contribute 
to the X-ray emission. 

RXJ1746. 2+6227: the rcdshift for this QSO 
(z=3.889) is taken from Hook et al. (1995; see their Fig. 2 
for a spectrum). Stickel (1993) gives a redshift of z=3.886 
for this object. The QSO was independently discovered as 
an X-ray source by Becker, Helfand & White (1992) who 
measured a redshift of z=3.87 (optical spectrum in their 
Fig. 2). An X-ray spectrum with ASCA is published in 
Fig. 1 of Kubo et al. (1997). 

RX J 1747. 0-1-6836: this very bright source is 
MS 1747.2+6837. The identification as AGNl (z=0.063) 
comes from Kriss & Canizares (1982) and Stockc ct al. 
(1991). P. F. Winkler (private communication) originally 
discovered this object. 

RXJ1747. 4+6626: there arc two objects here, both 
AGNl and at the same redshift (z=0.1391), which could 
both contribute to the X-ray emission. The optical po- 
sition for one of them is a2ooo = 17 27 47.0, (52ooo = 
+66 26 24 (given in Table 3). The second object, which 
is a spiral galaxy at z=0.1390, is at 02000 = 17 47 26.6, 
(52000 = +66 26 05. 

RX J1747. 9+6623: we identify this source as a normal 
galaxy (GAL) but there are two objects possibly interact- 
ing. Object A (0:2000 = 17 47 58.5, 62000 = +66 23 26, 
z=0.1739) is a narrow emission line galaxy with Ha, H/3, 
H7, 0[III] emission lines in the optical spectrum, and 
shows the morphology of a disturbed spiral. Object B 
("2000 = 17 4 7 56.8, (^2000 = +66 23 46, z=0.1737) does 
not show any emission line in the spectrum and resembles 
an edge-on spiral in our UH2.2m open image. 

RXJ1748. 5+7005: identification and redshift for this 
BL Lac comes from the literature. An optical spectrum is 
published in Fig. 7 of Lawrence et al. (1996), see also note 
in Rector & Stockc (2001). 

RX J 1748. 6+6842: there arc two AGNs with similar 
redshift (z=0.0537 and z=0.0540) which are blended in 
the APM finder. The western object (02000 = 17 48 38.3, 
<520oo = +68 42 17) has broad emission lines in its opti- 
cal spectrum. We indicate this object as the identifica- 
tion (AGNl). The eastern object (02000 = 17 48 38.7, 
(52000 = +68 42 16) has Ha in emission but it is diSicult to 
assess the width of the emission line since the spectrum is 
rather noisy. Both objects look like spiral galaxies in our 
UH 2.2m open image. The two objects might be interact- 
ing and both could contribute to the X-ray emission. 

RX J1751. 2+6533: this source is associated with the 
group of galaxies published in Fig. Ic of Henry et al. 
(1995). The redshift has been updated using more ac- 
curate low redshift data from Falco et al. (1999). 

RXJ1751. 5+7013: this source is identified with a 
cluster of galaxies at z=0.4925. The two galaxies, for 
which we have optical spectra, have narrow emission lines 
typical of AGN2. One of the AGN2 (aaooo = 17 52 33.1, 
^2000 = +70 1 3 01, z=0.4936) has a narrow Mgll line in 
emission, in addition to H/3 and to [OH] and [OUT] lines. 

RX J1752. 2+6522: this source is identified as a clus- 
ter of galaxies at z=0.3923. There is also an emission line 
object (02000 = 17 52 12.9, ^2000 = +65 22 36) which is 
15.1" away from the X-ray position with z=0.3940. We 



still identify the source with a cluster of galaxies since the 
spectrum of the AGN, with H/J in emission, is too noisy 
to assess the width of the line. 

RXJ1753.9+7016: this source is MS 1754.5+7017, 
and is identified as an AGNl at z=0.062 by Stocke et al. 
(1991). 

RX J1754.0+6452: the redshift for this cluster is ten- 
tative because it is based on three low S/N spectra. 

RXJ1754.6+6803: this is MS 1754.9+6803. The red- 
shift (z=0.0770) was mcasmcd by Stockc ct al. (1991) and 
is based on three galaxy spectra taken at the MMT in 
April 1985. 

RXJ1756. 2+7042: this is one of the two still uniden- 
tified sources in the whole NEP survey. The X-ray source 
is a double source elongated in the East- West direction. 
The eastern X-ray centroid is identified with an AGNl 
(02000 = 17 56 14.9, (52000 = +70 41 56, z=0.838) since it 
shows a broad Mgll line in emission in its optical spectrum. 
The western source is still unidentified. We have taken 
spectra for several objects in the area using the Keck-II 
but none of the objects seems to be a satisfactory identi- 
fication. 

RX J1757.2+7033: this source is MS 1757.7+7034, 
identified by Stocke et al. (1991) as a BL Lac at z=0.407, 
from Call H & K, G band and Mgib absorption lines. 

RX J1757.2+6547: this X-ray source, identified with 
an M star (02000 — 17 57 14.3, (52ooo — 

+65 46 58, 

m^; =14.68), is 9.4" away from the X-ray centroid in the 
APM finders. There is also an AGNl (02000 = 17 57 13.6, 
^2000 = +65 46 45, z=0.578) 15.7 " away from the X-ray 
centroid with ms =19.53 and mo =20.0. The AGNl could 
also contribute to the X-ray emission of the source. 

RX J1757. 3+6631: there are five spectroscopic red- 
shifts for this cluster at z=0.6909. The spectra were taken 
at the CFHT. None of the five galaxies are visible on the 
APM, thus the optical positions arc approximate coordi- 
nates measured from the DSS-2 red plate. Two of the 
cluster galaxies (cfh#2 at 02000 = 17 57 46.3, (52ooo = 
+66 30 26, z=0.7006; and cfh#8 at 02000 = 17 57 29.9, 
(52000 = +66 32 29, z=0.6860) are identified as AGN type 2 
galaxies since their optical spectra show similar narrow 
forbidden [OIII], [Oil] and permitted H/? and H7 emission 
lines. 

RX J1757.9+6609: this source is identified with an 
AGN2 (02000 = 17 57 56.5, (52ooo = +66 09 20, z=0.4865) 
only 4" away from the X-ray position. See Fig. 6 for an 
optical spectrum of the AGN2. However, spectroscopic 
redshifts for two galaxies (02000 = 17 58 02.1, (52ooo = 
+66 09 34, and 02000 = 17 58 00.6, (52ooo = +66 07 35) 
which arc located 36" and 106" away from the X-ray 
centroid, respectively, are concordant with the redshift of 
NEP super cluster (z=0.089) found in the NEP survey by 
Mullis et al. (2001). 

RXJ1758. 9+6520: this source is identified with a 
cluster of galaxies at z=0.3652. Three cluster galax- 
ies spectroscopically observed have narrow emission lines 
(see Fig. 7 for an example of one cluster member, 
namely galaxy C at 02000 = 17 58 53.8, (52ooo = 
+65 21 02, zc =0.3665). A fourth object in the field at 
02000 = 17 5 9 02.8, (52000 = +65 2 55, has broad emission 
lines and is thus identified as AGNl (z=0.3660). The iden- 
tification of the source is still a cluster of galaxies based on 
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the distance of the AGNl from the X-ray position {r-^ 35"), 
but a contribution to the X-ray emission from the AGNl 
is not excluded. Thus this source is a case of cluster plus 
AGN. 

RXJ1759. 7-^6629: this X-ray source (AGNl at 
z=0.399) was already identified by Bower et al. (1996). 
We took an additional spectrum to confirm the QSO na- 
ture. 

RX J1800. 0-1-6645: this X-ray source is the same as 
RX ,11800.0+6646 in Bower et al. (1996) and was identi- 
fied as a G type star. Our spectrum confirms that the 
object is a G-K type star. 

RXJ1800. 1+6636: this X-ray source was already 
identified by Bower et al. (1996) as a Sy2 galaxy (NGC 
6552). We took an additional spectrum (z=0.0260) to con- 
firm the AGN2 nature. 

RXJ1801. 2+6902: the redshift for this source 
(AGNl, z=1.27) comes from Lacy et al. (1993). 

RXJ1801. 2+6624: this X-ray source was already 
identified in Bower et al. (1996) as a QSO at z=1.25. 

RXJ1801. 7+6638: this is a bright X-ray source iden- 
tified as a BL Lac in Bower et al. (1996) (see finding chart 
in their Fig. 2-c and an optical spectrum in their Fig. 
6). The redshift is unknown since the optical spectrum is 
featureless. A radio source (1.07+0.04 mJy at 6cm) was 
detected with the VLA in the DnC array at the position of 
the optical source by T. Rector (private communication). 

RXJ1802. 0+6629: this source was identified as a BL 
Lac in Bower et al. (1996) given the very weak or almost 
absent lines in the spectrum they obtained at the Multi- 
ple Mirror Telescope (see their Fig. 3). An optical spec- 
trum of this same source was obtained by us in July 1999 
with Keckll-LRIS (see Fig. 12). Strong and broad Balmer 
emission lines are visible in our spectrum consistent with 
an AGN type 1 object, possibly a variable QSO? 

RXJ1802. 7+6727: this source is identified as an 
AGN2 at z=0.1620. There are two possibly interacting 
spiral galaxies with optical narrow emission lines in their 
spectra, which are blended on the APM finder. The optical 
position of galaxy Al, at (z=0.1605), is a20oo = 18 02 47.8, 
<520oo = +67 27 41, while the optical position of galaxy A2, 
at z=0.1635, is 012000 = 18 02 47.6, (52ooo = +67 27 34. 
Both galaxies could be responsible for part of the X-ray 
emission. 

RXJ1803. 4+6738: this very bright NEP source is 
MS 1803+6728 and is identified as AGNl. The redshift 
(z=0.1360) was measured by Stocke et al. (1991). The 
object is also listed in the QSO catalog by Hewitt & Bur- 
bidge (1993) as HB89, and in the X-ray NORAS catalog by 
Bohringer et al. (2000) as tentative AGN. Optical spectra 
taken at Lick and Multiple Mirror Telescope observatories 
are shown in Fig. 4 of Treves et al. (1995). 

RX J1803.9+6548: the redshift for this BL Lac 
(z=0.0850) is tentative since it has been derived from very 
weak absorption lines. The source is also identified with 
the VLA radio source NEP J1803.9+6548 by KoUgaard 
et al. (1994), and it is in the radio loud ROSAT NEP 
sources detected with the VLA at 1.5Ghz by Brinkmann 
et al. (1999) with a flux=43. 1+1.7 mJy (see more refer- 
ences therein). 

RX J1804.3+6629: this source is identified with a very 
hot, subdwarf star. Its optical position, 02000 = 18 04 24.7, 



<520oo = +66 29 28, is 26" away from the X-ray posi- 
tion. There is a second object in the field which is closer 
(Q2000 = 18 04 20.6, (52000 = +66 2 9 54) to the center of 
the X-ray emission and for which no spectrum is available. 
However this second object is quite faint, is not blue on the 
DSS, does not have any radio emission, and thus unlikely 
to be an AGN. 

RXJ1806. 1+6813: this source is identified as clus- 
ter of galaxies at z=0.303. Four out of six galaxies for 
which we have takcni spectra are emission line galaxies, 
all with concordant redshifts. One of the four galaxies 
(a2ooo = 18 06 04.8, ^2000 = +68 13 08, z=0.2953) has 
broad Balmer (FWHM=2500 kms~^). Thus this source is 
a case of cluster plus AGN. 

RXJ1806. 4+7028: this source is identified as a galaxy 
and has an X-ray luminosity Lx = 1.8 x lO"'^ erg s~^ (as- 
suming kT =2 keV), which is high for a galaxy with no 
emission lines. As first noted by MuUis (2001) it could be 
an example of overluminous galaxies found in X-ray sur- 
veys (e.g. Vikhlinin et al. 1999, and references therein). 

RXJ1806.8+6949: this is a BL Lac in a cluster of 
galaxies. Redshift comes from Falco et al. (1999). 

RX J1808. 8+6634: the redshift for this source, identi- 
fied as AGNl at z=0.697, comes from Laurent-Muehleisen 
et al. (1998). See their Table 2 for source properties. 

RX J1810.3+6328: this source, identified as AGNl at 
z=0.838, has a double morphology in X-rays. The identi- 
fication of the X-ray source given in Table 3 refers to the 
western lobe (0:2000 = 18 10 31.1, (52ooo = +63 28 08, 
z=0.838). The eastern lobe is an AGNl at z=1.0907 
(0^2000 = 18 10 16.9, ^2000 = +63 29 1 4). 

RXJ1815. 4+6806: the redhsift for this QSO 
(z=0.239) comes from Lacy et al. (1993). 

RXJ1821. 9+6420: the identification of this source as 
a QSO at z=0.2970 comes from Pravdo & Marshall (1984) 
(see an optical spectrum in their Fig. 2). However, as al- 
ready noted by Hutchings & Neff (1991) (see their Fig. 1), 
a cluster of galaxies for which six galaxy spectra were taken 
by Schneider et al. (1992) is present at the same redshift 
as the QSO (see detailed description of this QSO/cluster 
source in Wold et al. 2002 and references therein). The X- 
ray source has the highest S/N of the whole NEP survey, 
it is extremely X-ray luminous {Lx = 5.61 x 10''^ erg s~^) 
and it is also an IRAS source, as reported by de Grijp et 
al. (1992). 

RXJ1826. 6+6706: this source is identified with an 
AGNl at z=0.287. The redshift comes from Lacy et al. 
(1993). 

RX J1832. 5+6848: this source is identified as a clus- 
ter of galaxies at z=0.205. We took optical spectra for 
three galaxies and they have concordant redshifts. The 
source is listed in the literature as the radio source 7C 
1832+6845, and it is identified as QSO by Veron-Cetty & 
Veron (2001), and as BL Lac in the NORAS catalog by 
Bohringer et al. (2000). The ambiguity may be due to 
the fact that there are two distinct objects very closely 
separated (~6") at the position of the X-ray source. The 
north-west object, object A, is the object we have observed 
spectroscopically (02000 = 18 32 35.6, S2000 = +68 48 09, 
z=0.2049). It is red on the DSS and its spectrum shows 
narrow Balmer and oxygen emission lines, consistent with 
an AGN2 object (unless we caught the QSO in a quies- 
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cent state). The south-cast object Al (a2ooo = 18 32 36.2, 
<520oo = +68 48 04) appears blue on the DSS and could be 
the object indicated as QSO or BL Lac in the literature. 
No spectrum is available for Al. A second galaxy in the 
cluster (object B at a2ooo = 18 32 35.9, (52ooo — +68 47 43, 
z=0.2048) also shows narrow emission lines and it is clas- 
sified as AGN2 in cluster. The third galaxy for which 
we obtained a spectrum, object C (a2ooo = 18 32 35.6, 
(52000 = +68 4 7 58, z=0.2054), shows no emission hues in 
its spectrum. 

RXJ1834. 1+7057: this source is very extended in 
X-rays and it is identified with a cluster of galaxies at 
z=0.0803. An extraction radius of 6.5' has been used, 
different from the normal 5' radius used for the rest of 
the X-ray sources. The X-ray position is centered on a 
bright galaxy (a2ooo = 18 34 08.5, (52ooo = +70 57 19, 
niE =~12.5), possibly the cD, whose redshift appears in 
the NORAS catalog of Bohringcr ct al. (2000) as z=0.0824. 
The source is in the same region of sky as A2308, even 
if the Abell cluster position in the NED database is at 
Q!2ooo = 18 33 33.8 and (^2000 = +71 01 28. The red- 
shift given in Table 3 has been computed using spectra for 
three galaxies taken by us at the U112.2m. The redshift 
agrees with other redshift determinations listed in NED 
for A2308. 

RX J1842.5+6809: redshift for this AGNl, z=0.4750, 
comes from the literature. The QSO is listed in the catalog 
by Hewitt & Burbidge (1993) and in Xu et al. (1994). 

7. SUMMARY 

We have presented data for a survey performed at X-ray 
wavelengths using the RASS data in a 80.7 deg^ contigu- 
ous area of sky at the North Ecliptic Pole. The NEP sur- 
vey is centered at 02000 = 18''00'", ^2000 = +66°33', and 
is at a moderate galactic latitude of 6 = 29.8°. The NEP 
catalog consists of a homogeneous, flux-limited sample of 
445 individual X-ray sources above a flux of ~ 2xl0~^^ 
erg cm "■^ s~^ in the 0.5—2.0 keV energy band. The main 
results of this paper are the optical identifications of the 
X-ray sources of the NEP survey. Basic X-ray and optical 
properties of the sources are presented here while finding 
charts for all the sources with overlayed X-ray contours 
will be made available in a separate publication (see also 



Appendix C in Mullis 2001). We have described in detail 
the optical identification procedure. We have identified 
443 out of 445 X-ray source (99.6%) and determined spec- 
troscopic redshifts for the extragalactic objects. All the 
NEP sources are identified with previously known classes 
of X-ray emitters. The optical content of the survey can 
be summarized as follows: 218 AGN (49.4%), 152 stars 
(34.3%), 62 clusters of galaxies (14.0%), 8 BL Lacertae 
objects (1.8%), 1 individual galaxy (0.2%) and 1 plane- 
tary nebida (0.2%). Given the completeness of the optical 
identification and the well defined selection criteria, the 
NEP survey can be used to characterize the evolutionary 
properties of the extragalactic populations. Evidence for 
cluster X-ray luminosity negative evolution using the NEP 
clusters has already appeared in Gioia et al. (2001) while 
the X-ray evolutionary properties of the NEP AGN will 
be the subject of future publications. 
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Fig. 1. — Angular position offsets between the NEP X-ray sources and their optical counterparts. AGN are shown in dark grey, stars in 
medium grey and galaxy clusters in light grey. The vertical line at 15.7" indicates the offset from the X-ray position within which 90% of the 
AGN and stars fall (adapted from Fig. 3.5 of MuUis 2001). 
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Fig. 2.— RXJ1747.1+6813: AGNl at z=2.392±0.002 (02000 = 17 47 12.7, <52ooo = +68 13 26). Longslit spectrum of a distant QSO 
obtained with the UH2.2m telescope on 19 June 1998. The total integration time was 20 minutes. The dashed lines indicate the positions of 
the emission lines at the AGNl redshift. Wavelengths of atmospheric absorption bands are also indicated. 




Fig. 3.— RX J1758.0+6851: AGNl at z=0.1876±0.0005 (02000 = 17 58 03.7, ^2000 = +68 51 51). Longslit spectrum of a Syl galaxy 
obtained with the UH2.2m telescope on 5 June 1994. The total integration time was 30 miimtes. The dashed lines indicate the positions of 
the emission lines at the AGNl redshift. Wavelengths of atmospheric absorption bands are also indicated. 
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Fig. 4.— RXJ1813. 6+6731: AGNl at z=0.6168±0.0004 (02000 = 18 13 43.0, ^2000 = +67 32 23). Longslit spectrum of a QSO obtained 
with the U2.2m telescope on 7 June 1990. The total integration time was 30 minutes. The dashed lines indicate the positions of the emission 
lines at the AGNl redshift. Wavelengths of atmospheric absorption bands are also indicated. 
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Fig. 5.— RX J1750.2+6415: AGN2 at z=0.2504±0.0003 (02000 = 17 50 15.1, 52ooo = +64 14 56). Longslit spectrum of a Sy2 galaxy 
obtained with the UH2.2m telescope on 31 July 1998. The total integration time was 20 minutes. The dashed lines indicate the positions of 
the emission lines at the AGN2 redshift. Wavelengths of atmospheric absorption bands are also indicated. 



NEP survey: The Optical Identifications 



17 




Fig. 6.— RX J1757.9+6609: AGN2 at z=0.4865±0.0002 (02000 = 17 57 56.5, ^2000 = +66 09 20). Longslit spectrum of a Sy2 galaxy 
obtained with Kcck-II LRIS on 16 July 1998. The total integration time was 30 minutes. The dashed lines indicate the positions of the 
emission lines at the AGN2 redshift. Wavelengths of atmospheric absorption bands are also indicated. 
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Fig. 7. — RXJ1758. 9+6520: cluster of galaxies at z=0.3652±0.0008. Longslit spectrum of a cluster member, galaxy C (0:2000 = 17 58 53.8, 
52000 = +65 2 1 02, z=0.3665±0.0008) which shows AGN2 spectral features. The spectrum was obtained with Keck-II LRIS on 16 July 1998. 
The total integration time was 30 minutes. The dashed lines indicate the positions of emission lines and of the stellar absorption features at 
the AGN2 redshift. Wavelengths of atmospheric absorption bands are also indicated. 
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Fig. 8. — Redshift distributions of NEP AGN (dark grey) and clusters of galaxies (light grey) in bins of Az = 0.1. To preserve the readibility 
of this plot the highest redshift AGNl (RX J1746.2+6227, z=3.889, Lx = 4.65 X 10""' erg s"!) is not shown. 
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Fig. 9.— RX J1821.6+6827: cluster of galaxies at z=0.8108±0.0012. Spectrum of the cluster galaxy #116 (02000 = 18 21 26.3, (52ooo = 
+68 29 28, z=0.8202±0.0001) obtained with Keck-I LRIS in multislit mode on 23 June 2001. The total integration time was 2.25 hours. The 
dashed lines indicate the positions of stellar absorption features at the cluster redshift. Wavelengths of atmospheric absorption bands are also 
indicated. 
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Fig. 10. — RXJ1745.2+6556: cluster of galaxies at z=0.608±0.0005. Longslit spectrum of the cluster galaxy B (02000 = 17 45 18.2, 
fcooo = +65 55 42, z=0.6077±0.0009) obtained with Keck-II LRIS on 26 June 1998. The total integration time was 30 minutes. The dashed 
lines indicate the positions of stellar absorption features at the cluster member redshift. Wavelengths of atmospheric absorption bands are 
also indicated. 
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Fig. 11.— RX J1817.7+6824: cluster of galaxies at z=0.282±0.002. Longslit spectrum of the cluster cD galaxy A (02000 = 18 17 44.7, 
feooo = +68 24 24, z=0.282±0.002) obtained with the UH 2.2m on 4 August 1994. The total integration time was 30 minutes. The dashed 
lines indicate the positions of stellar absorption features at the cluster member redshift. Wavelengths of atmospheric absorption bands are 
also indicated. 
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Fig. 12.— RXJ1802.0+6629: AGNl at z=0.2650±0.001. Longslit spectrum of the AGNl (02000 = 18 02 04.8, ^2000 = +66 29 14) obtained 
with Keck-II LRIS on 21 July 1999. The total integration time was 30 minutes. The dashed lines indicate the positions of the emission lines 
at the redshift of the AGNl. Wavelengths of atmospheric absorption bands are also indicated. This X-ray source was identified as a BL Lac 
by Bower et al. (1996). Either the BL Lac was in a quiescent state or the object identified by Bower et al. (1996) is a different object. 



Gioia et al. 



Table 1 



Optical Follow-up Observations 



Telescope 




Nights 
Assigned 


Nights 
Clear 


Mauna Kea 




126 


100 




UH2.2m 


101 






CFHT3.6in 


17 






Keck 10m 


8 




Mt. Hopkins 




6 


3 




MMT 


5 


2 




1.5m 


1 


1 


TOTAL 




132 


103 



NEP survey: The Optical Identifications 



Table 2 

Summary of the ROSAT NEP X-ray Source Identifications 



Type Number Percentage'^ 



AGN 219 49.4% 

star 152 34.3% 

galaxy cluster 62 14.0% 

BL Lac 8 1.8% 

galaxy 1 0.2% 

planetary nebula 1 0.2% 

no identification 2 0.4% 



'^Out of 443 for identifications, out of 445 for non-identifications 



Table 3 



ROSAT NEP Source Catalog 



Object 


NEP 




ax 


5x 




"opt 


<5<: 


■pt 




S/N 


/X clef 


/x tot 


ix 




z 


ID 


Notes 




sc€tn 


(J2000) 


(J2000) 


(J2000) 


(.72000) 




10"^" 


10"°* 


10" 














(3) 


(4) 






(5) 


(6) 




\ ' ) 






(10) 


\^^} 




n3"l 


RXJ1715. 4+6239 


1239 


17 


15 25.3 


+62 


39 


34 


17 


15 25.7 


+62 


39 


27 


4.6 


18.90 


19.60 


8 


.09 


0.8500 


AGN2 




RXJ1715. 6+6856 


1240 


17 


15 41.4 


+68 


56 


31 


17 


15 41.7 


+68 


56 


43 


5.3 


8.81 


9.14 








STAR 




RX J1715.6+6231 


1241 


17 


15 41.6 


+62 


31 


33 


17 


15 42.3 


+62 


31 


27 


4.4 


10.12 


10.49 








STAR 




RX J1716.2+6836 


1270 


17 


16 14.4 


+68 


36 


36 


17 


16 13.8 


+68 


36 


38 


20.2 


138.48 


143.59 


48, 


.70 


0.7770 


AGNl 


n 


RXJ1716. 6+6410 


1271 


17 


16 39.7 


+64 


10 


35 


17 


16 42.3 


+64 


10 


41 


6.5 


23.88 


30.91 





.86 


0.2507 


CL 


sc=1.295 


RXJ1717. 1+6401 


1272 


17 


17 08.1 


+64 


01 


46 


17 


17 07.1 


+64 


01 


45 


9.3 


44.81 


46.47 





.38 


0.1334 


AGNl 




RX J1717.5+6559 


1300 


17 


17 35.6 


+65 


59 


35 


17 


17 37.9 


+65 


59 


39 


9.0 


53.45 


55.42 


2 


.33 


0.2936 


AGNl 




RX J1717.7+6431 


1320 


17 


17 44.4 


+64 


31 


45 


17 


17 47.4 


+64 


31 


41 


5.7 


19.10 


19.81 





.01 


0.0337 


AGN2 


n, spiral 


RX J1717.9+7038 


1330 


17 


17 57.0 


+70 


38 


15 


17 


17 56.6 


+70 


38 


16 


10.2 


58.36 


60.52 





.85 


0.1738 


AGN2 




RXJ1718. 0+6727 


1340 


17 


18 05.5 


+67 


27 


11 


17 


18 05.9 


+67 


27 


00 


7.4 


24.32 


25.21 


4, 


.05 


0.5506 


AGNl 




RXJ1718. 3+6754 


1350 


17 


18 20.4 


+67 


54 


32 


17 


18 19.6 


+67 


54 


17 


4.7 


5.60 


5.80 








STAR 




RXJ1719. 0+6852 


1400 


17 


19 01.2 


+68 


52 


33 


17 


19 00.9 


+68 


52 


32 


7.8 


16.25 


16.85 








STAR M 




RX J1719.0+6929 


1410 


17 


19 03.6 


+69 


29 


33 


17 


19 03.5 


+69 


29 


39 


4.8 


15.35 


15.92 





.61 


0.2816 


AGNl 




RXJ1719. 4+6522 


1420 


17 


19 28.8 


+65 


22 


27 


17 


19 28.8 


+65 


22 


29 


10.6 


24.65 


25.55 








STAR 




RX .11719.8+6457 


1440 


17 


19 52.7 


+64 


57 


48 












4.4 


7.47 


7.75 










n 


RXJ1720. 0+6206 


1441 


17 


20 05.0 


+62 


06 


20 


17 


20 05.6 


+62 


06 


22 


5.7 


18.99 


19.69 








STAR 




RX .11720. 1+6833 


1450 


17 


20 07.8 


+68 


33 


37 


17 


20 06.6 


+68 


33 


50 


6.5 


20.42 


21.17 


3 


.25 


0.5392 


AGNl 




RX .11720.4+6703 


1470 


17 


20 27.0 


+67 


03 


45 


17 


20 26.7 


+67 


03 


37 


5.4 


9.70 


10.06 








STAR 




RXJ1720. 8+6210 


1471 


17 


20 48.8 


+62 


10 


13 


17 


20 42.3 


+62 


10 


10 


4.9 


27.78 


28.81 


8. 


.56 


0.7313 


AGNl 


n 


RXJ1721. 0+6711 


1490 


17 


21 03.1 


+67 


11 


54 


17 


21 02.3 


+67 


11 


57 


4.7 


11.63 


12.06 


3 


.83 


0.7538 


AGNl 




RXJ1721. 1+6947 


1500 


17 


21 10.7 


+69 


47 


58 


17 


21 10.9 


+69 


48 


02 


4.6 


6.55 


6.79 








STAR F8 


HD 158063 


RXJ1721. 4+6733 


1510 


17 


21 24.6 


+67 


33 


14 


17 


21 24.9 


+67 


33 


11 


4.9 


9.42 


16.19 





.05 


0.0861 


CL 


sc=1.719 


RX J 172 1.7+6200 


1511 


17 


21 42.4 


+62 


00 


36 


17 


21 42.5 


+62 


00 


32 


4.1 


8.99 


9.32 








STAR 




RXJ1723. 1+6826 


1540 


17 


23 10.4 


+68 


26 


54 


17 


23 09.9 


+68 


26 


56 


4.3 


9.83 


10.20 


5, 


.74 


0.9782 


AGNl 


n 


RX J1723.3+6333 


1541 


17 


23 18.6 


+63 


33 


34 


17 


23 17.9 


+63 


33 


26 


4.3 


9.05 


9.38 








STAR M 




RX J1724.0+6940 


1580 


17 


24 00.1 


+69 


40 


26 


17 


24 00.4 


+69 


40 


30 


10.9 


28.45 


29.50 








STAR 




RXJ1724. 1+7000 


1590 


17 


24 11.6 


+70 


00 


27 


17 


24 02.3 


+69 


58 


01 


4.2 


11.11 


32.42 


0, 


.02 


0.0386 


CL 


sc=2.919, n 


RXJ1724. 2+6956 


1591 


17 


24 16.0 


+69 


56 


44 


17 


24 07.4 


+69 


54 


58 


4.2 


11.98 


34.96 





.02 


0.0386 


CL 


sc=2.919 


RXJ1724. 4+6412 


1600 


17 


24 27.0 


+64 


12 


24 


17 


24 26.8 


+64 


12 


23 


5.1 


9.94 


10.31 








STAR 




RX J1724.6+6440 


1601 


17 


24 39.1 


+64 


40 


54 


17 


24 38.8 


+64 


40 


51 


5.0 


7.68 


7.96 








STAR 




RX J1724.7+6716 


1630 


17 


24 47.3 


+67 


16 


09 


17 


24 45.7 


+67 


16 


13 


4.4 


7.70 


9.95 


0, 


.29 


0.2540 


CL 


sc=1.292 


RXJ1724. 9+6636 


1640 


17 


24 55.5 


+66 


36 


59 


17 


24 56.1 


+66 


36 


50 


4.0 


12.38 


12.84 


3 


.25 


0.6792 


AGNl 




RXJ1726. 5+6714 


1670 


17 


26 30.7 


+67 


14 


12 


17 


26 28.6 


+67 


14 


15 


5.4 


12.78 


13.25 





.89 


0.3659 


AGNl 




RXJ1726. 7+6643 


1680 


17 


26 43.9 


+66 


43 


30 


17 


26 45.0 


+66 


43 


19 


9.1 


46.78 


48.51 


3 


.33 


0.3705 


AGNl 




RX J1726.7+6937 


1690 


17 


26 47.1 


+69 


37 


43 


17 


26 45.4 


+69 


37 


53 


4.7 


7.56 


7.84 








STAR 




RX J1727.0+6926 


1700 


17 


27 04.8 


+69 


26 


58 


17 


27 04.5 


+69 


26 


48 


4.4 


13.09 


13.58 








BL 


n 


RX J1727.2+6322 


1710 


17 


27 12.0 


+63 


22 


44 


17 


27 11.7 


+63 


22 


41 


11.7 


91.06 


94.42 


2, 


.10 


0.2169 


AGNl 




RXJ1727. 4+7035 


1730 


17 


27 25.8 


+70 


35 


37 


17 


27 33.6 


+70 


35 


47 


7.6 


39.74 


50.20 


2, 


.03 


0.3059 


CL 


sc= 1.263 


RX J1727.8+6748 


1740 


17 


27 49.5 


+67 


48 


43 


17 


27 45.5 


+67 


48 


43 


6.8 


17.02 


17.64 


2 


.25 


0.4950 


AGNl 


n 


RX J1727.9+6210 


1741 


17 


27 56.9 


+62 


10 


54 


17 


27 56.6 


+62 


10 


54 


4.2 


7.74 


8.02 








STAR 




RX J1728.5+6732 


1770 


17 


28 35.4 


+67 


32 


33 


17 


28 34.6 


+67 


32 


24 


4.4 


8.67 


8.99 


2, 


.06 


0.6493 


AGNl 




RXJ1728. 6+7041 


1780 


17 


28 39.5 


+70 


41 


05 


17 


28 38.2 


+70 


41 


03 


5.5 


23.42 


28.26 


3 


.65 


0.5509 


CL 


sc=1.207 


RXJ1729. 0+6529 


1781 


17 


29 01.2 


+65 


29 


52 


17 


29 00.2 


+65 


29 


52 


5.2 


7.14 


7.41 








STAR 




RX .11729.2+7032 


1782 


17 


29 12.0 


+70 


32 


57 


17 


29 11.8 


+70 


32 


55 


4.4 


16.54 


17.15 


2, 


.62 


0.5378 


AGNl 




RX .11729.6+6847 


1800 


17 


29 41.9 


+68 


47 


41 


17 


29 39.4 


+68 


47 


38 


5.3 


6.61 


6.85 








STAR G 


HD 159539 


RX .11729.7+6737 


1810 


17 


29 46.5 


+67 


37 


54 


17 


29 46.1 


+67 


38 


13 


5.2 


6.55 


6.79 








STAR M 




RXJ1730. 1+6247 


1820 


17 


30 07.9 


+62 


47 


44 


17 


30 08.4 


+62 


47 


55 


10.5 


35.54 


36.85 








STAR 




RXJ1730. 3+6955 


1840 


17 


30 20.5 


+69 


55 


23 


17 


30 19.9 


+69 


55 


27 


10.1 


25.90 


26.85 








STAR 




RXJ1732. 0+6926 


1910 


17 


32 05.5 


+69 


26 


22 


17 


32 04.5 


+69 


26 


39 


5.7 


17.61 


18.26 


2, 


.43 


0.5043 


AGNl 




RXJ1732. 5+7031 


1920 


17 


32 31.3 


+70 


31 


37 


17 


32 31.0 


+70 


31 


31 


8.1 


42.89 


44.47 


0, 


.94 


0.2114 


AGNl 


n 


RXJ1732. 9+6533 


1930 


17 


32 54.5 


+65 


33 


24 


17 


32 53.9 


+65 


33 


25 


10.1 


40.92 


42.43 


17, 


.79 


0.8560 


AGNl 


n 


RX J1733.2+6712 


1960 


17 


33 16.8 


+67 


12 


28 


17 


33 16.9 


+67 


12 


08 


9.8 


16.25 


16.85 








STAR F2 


HD 160198 


RX J1734.5+6755 


1980 


17 


34 30.3 


+67 


55 


05 


17 


34 27.8 


+67 


55 


04 


4.7 


9.88 


10.24 





.27 


0.2341 


AGNl 




RXJ1735. 0+6405 


2020 


17 


35 04.9 


+64 


05 


57 


17 


35 04.6 


+64 


06 


05 


12.4 


75.00 


108.81 


0, 


.94 


0.1411 


CL 


sc=1.451, A 2276 


RXJ1736. 0+6559 


2040 


17 


36 00.0 


+65 


59 


00 


17 


36 01.9 


+65 


58 


54 


4.5 


11.03 


11.43 


1 


.10 


0.4341 


AGNl 




RXJ1736. 2+6502 


2050 


17 


36 14.6 


+65 


02 


29 


17 


36 14.1 


+65 


02 


27 


18.2 


60.84 


63.08 








STAR 




RX J1736.3+6802 


2051 


17 


36 23.4 


+68 


02 


06 


17 


36 09.3 


+68 


05 


32 


13.2 


54.72 


246.42 





.07 


0.0258 


CL 


sc=4.503, n 


RX J1736.4+6820 


2100 


17 


36 27.1 


+68 


20 


30 


17 


36 26.6 


+68 


20 


37 


15.5 


36.91 


38.27 








STAR 


n 


RX J1736.9+6845 


2130 


17 


36 57.6 


+68 


45 


21 


17 


36 57.0 


+68 


45 


12 


45.2 


277.11 


287.33 








STAR F5V 


n, SAO 17576 



o 



Table 3 Coiifiiuii-d 



• 

Object 
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NEP 


ax 


ox 


"opt 


Oopt 


S/N 
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